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This paper is a product of the Macroeconomics and Fiscal Management Global Practice Group. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at fhayati@worldbank.org or dmerotto@worldbank.org. This paper proposes a new measure of public expenditure force that policy makers and budget analysts should track in detail over time in routine fiscal monitoring. The paper suggests that adopting the measure will not only warn policy makers of possible impending fiscal pressures, but will help them to differentiate between those budgetary pressures that are temporary and those that may require reforms. The main utility of the expenditure force measure will be in country fiscal analysis. Measuring force across the entire budget allows practitioners to monitor and decompose the micro drivers of public spending pressure, watch out for rapidly expanding spending lines, and identify priorities for reform before these pressures lead to macro fiscal problems. Yet by its construct, spending force is internationally comparable, and independent of expenditure levels or spending types.
This could allow global monitoring comparisons and global research into the drivers of public spending force across particular types of country characteristics and economic conditions. In time, and as more data become available, researchers can use the force measure to compare and contrast the dynamics of expenditure types across countries. For example the measure can be used to explore what gives some spending types an initial impulse; whether underlying factors cause different public spending categories to grow faster than average, or to accelerate over time; and what successful countries have done to manage rising force without damaging public services. Since force seems to be a decent predictor of fiscal episodes, it is suggested that "speed limits" for spending might be a feasible component of fiscal rules.
1: Introduction
Sir Isaac Newton's second law of motion tells us that the net force on an object (of constant mass) is equal to the rate of change of its linear momentum over a period of time. In other words, if an object of a given mass is accelerating over time, there is force acting on it. We do not know from observing the dynamics of the object while it is in motion what caused the initial impulse for the object to increase or decrease velocity. But monitoring the rate of change of velocity (the object's acceleration) over time tells us about the direction of the force operating on it, whether it persists through time, and given its direction, size and speed, whether it is likely to cause a collision unless its path is corrected. This paper applies these concepts to public spending analysis to provide new signaling tools for fiscal economists.
Acceleration is not a new concept to macro economists or financial analysts. Monetary economists have long since learned that acceleration in the growth of the money supply or in the rate of price inflation is destabilizing. Growth economists have characterized sudden and sustained increases in the rate of growth of an economy as `growth accelerations', and have set about trying to explain what drives them.
The old investment accelerator theory in macro economics suggests that as demand or income increases in an economy, so does the investment made by firms, which in turn increases demand. This growth attracts more investors, which accelerates growth -the upshot being that investment in the economy accelerates until the economy reaches a new equilibrium. The more recent `financial accelerator mechanism' describes a situation where lower asset prices spur lower credit and lower credit in turn leads to a reduction in investment. This in turn leads to further reductions in asset prices due to their procyclicality, which in the end will lead to a self-reinforced pro-cyclical drop in domestic absorption and output, asset prices and credit. Finally, short-term asset traders have long observed the signaling effects of stock price oscillations, and so they track short-term fluctuations in price `velocity' and price `acceleration' before looking into the drivers of these.
The economic concept of acceleration is as straightforward as the arithmetic. But to our knowledge there has been no previous attempt to apply measures of acceleration to public expenditure analysis, which at the macro level typically analyzes sector shares of spending and growth rates over time. Part of the reason for this may have been the lack -up until now -of organized and detailed micro data for public spending in countries. This data constraint is changing as the World Bank's BOOST public expenditure analysis tool is making new micro spending data sets available.
2 Drawing from the concepts of velocity, acceleration, momentum and force from physical science and financial analysis, we devise in section 2 a measure of "force" for the `dismal science' of public finance economics. We use shares and growth rates in our measure of force, but by adding acceleration, we provide more information to the analyst in a standardized and globally comparable metric.
Consequently nearly all macroeconomic programs for crisis response involve corrective expenditure restraint. Public expenditure is also one of the key interventions governments have for addressing market failures, investing in infrastructure and institutions, and securing distributional equity.
Policy makers need to be smart about spending cuts in response to crises, because the alternative of 'dumb cuts' has costly consequences for long term welfare, and can be self-defeating. 7 And far preferable to conducting deep reform remedies on an already wrecked fiscal framework, would be to take pre-emptive action early enough to help reduce the severity of any crash. Extending this metaphor, our measure of force can help policy makers spot spending lines which -if not slowed down through the brakes of reforms in the medium-term -are likely to result in a fiscal crash.
In this paper we limit ourselves to presenting the force concept, and to showing the robustness and the insights offered by the force measure. But in time, as more data become available and more research is done across more countries, we envisage a set of force-derived `speed limits' for particular types of spending, based for example on global comparisons and probabilities of fiscal stress, with the force measure at levels of disaggregation acting at the country and sector level like a speedometer.
Our measure of force is simple. It uses a combination of expenditure size and changes in growth rates for spending categories or individual items to compare their contribution to overall expenditure force in a given time period. The next session sets out the metrics of force and momentum, decomposes the drivers of force, and discusses their economic meaning.
2: Force and Momentum -a scientific approach to understanding public expenditures
Newton 8 states that if an object is on the move, then it has momentum which is given by the object's mass and velocity .
In motion, acceleration is the change in velocity. Terminal velocity 1 is equal to initial velocity 0 plus acceleration and the time period under consideration ( ), we have:
Newton's second law tells us that the net force , on an object is equal to the rate of change of its linear momentum;
7 Easterly, W. and Serven, L. (2003) "The Limits to Stabilization: Infrastructure Deficits, and Growth in Latin America" show how achieving liquidity in fiscal reforms in Latin America in the 1980s came at the cost of longer term solvency, as growth and tax revenues slowed down. 8 Newton, I (1687) "Axiomata sive Leges Motus"
.
For public spending force, we substitute velocity with growth in a spending item in period , and we can suppose that the spending item's mass is determined by its share in total spending, Σ 1 in period .
This is hardly rocket science, and straight away readers will notice that this definition makes "momentum" the contribution of the spending item to the percentage growth in total spending ḗ in period t. We have broken from physical science, because in physical science mass does not change over time, but the value of an item of expenditure , and so its share in total spending, does change. In fact, our version of mass , increases over time if growth of the item in time , exceeds the growth of total spending ḗ (ie if it exceeds average spending growth). In algebra, expenditure force for a specific spending item between 0 and 1 is given by
Since Σ 1 each year, macro aggregate force is simply acceleration; i.e., the percentage point change of growth in spending between years, which can be positive or negative. Force for a specific item of spending (or group of expenditures) over time is determined by;
 The item's initial relative share or importance in total spending in the time period Taking a share of a total for `mass' might appear odd, but it has two advantages. First it `normalizes' absolute differences in spending whilst it maintains the measure of their relative size. Second, working in shares and changes in growth rates means that our measure is a purely statistical construct independent of currency or absolute value, which makes it internationally comparable.
From a practitioner's perspective this categorization of spending can be useful information. Budgets are prepared as annual decisions, with changes in allocations often determined at the margin given available resources. Most budget systems don't track spending over time, and since spending decisions over time don't necessarily follow an orderly medium-term plan, it can be useful to let spending trend data speak for itself. Using our metric of force, spending items can be categorized by the components of force over a time period into four mutually inclusive labels: (i) relatively important or unimportant items, (ii) shrinking or steady or growing, (iii) growing faster or slower than average, and (iv) accelerating or decelerating.
What economic meaning might there be in being in these categories, or in items changing from one category to another over time? Obviously relatively important items are worth observing more closely than less important items, both because small growth in them can cause significant absolute changes in total spending, and because reforms to them can generate significant savings.
Second, significant rapid growth, persistent growth or acceleration (persistent and faster growth) in public spending items signals to the observer that something is driving expenditure. Unlike physical science, there is no assurance in public expenditures that an object (item) which has velocity (is growing) in the first period will continue to have velocity (grow) in year 2. But like physical science, an item of spending which has been stable then starts to rise, or which is rising with average spending and then starts accelerating, will have had an expenditure impulse: whether this is a policy or an increase in service coverage or quality, or simply a relative increase in price. Its growth relative to total spending and relative to inflation will give us clues as to whether there are significant cost drivers at play. For example, consider a planned scale-up in vaccination for a country. In the year of program inception, spending should accelerate with the impulse of the scale-up in persons covered. In subsequent years spending growth should stabilize according to the planned growth rate in coverage, before decelerating as coverage rates in the population reach the target level. Instead, in year two, the Ministry of Health switches to a new more virulent vaccine which costs more. If they fail to budget for this price increase, service coverage would need to drop. If they receive authorization for additional spending, the second year impetus for a further acceleration in spending would be price, not service-driven. Force would show as positive in both cases, but eventually force should rescind as program coverage peaks and the cost of vaccines stabilizes.
As this example shows, growth and acceleration in public spending as in physical science, is not necessarily a bad thing. The point is the quality of the spending, and whether it is financeable. A sustainable acceleration which is associated with expansion of a basic pro-poor service can be as desirable as acceleration of a fire truck on its way to save lives, so long as it is a responsible acceleration and does not cause a string of accidents along the way (in this case so long as -for example -increased funding for vaccination does not leave a funding shortfall for local maternal child health). Conversely, a deceleration may appear in macro statistics as a healthy return to more stable aggregate spending, but may not necessarily be a good thing if it causes off-budget liabilities, for example when non-payment of invoices or under-budgeting of rents or utility payments leads to budgetary arrears with interest. In a country where we know fuel costs have been rising fast, we can be pretty sure there is off budget expenditure if the public budget for fuel is not accelerating also. The trick to interpreting extreme or rapidly changing force results is first to identify what the data are saying about the item's force over time, and then to interpret this result against the most likely underlying drivers of the item's expenditures: unit prices and volumes.
Like motion in physics, where friction and gravitational pull act as opposite forces against an object with momentum, bringing it to rest, some types of public spending have automatic stabilizers or dampeners.
Unemployment and social insurance benefits are the classic; rising with the impetus of recession, and declining again as the economy returns to normalcy. Other expenditures may start to rise then continue to rise; for instance pensions liabilities that are driven by demographic pressure and or public sector pay increases or health expenditures accelerating with aging, or education spending accelerating with youthfulness. Wage increases awarded in one year will generate increased "mass" for future years' wage bills, and so will create a stronger force that persist over time even with deceleration in their growth rate.
Debt service payments can rise and fall with debt management decisions that reflect the costs and risk trade-off between borrowing types and instruments, and may be subject to market perceptions of risk and lumpy maturities. Operations and maintenance expenditures should get their initial impetus from service expansion or investment expenditures. Entitlements may receive initial impetus from a new law, but may then either continue to be pushed up or may slow down (veterans payments) in line with underlying demographics, or else may be subject to economic cyclicality (social security). It is such underlying cost drivers that policy makers should seek to understand in expenditure scrutiny, and should seek to address through structural reforms. As we note below, understanding whether these relationships hold across countries, and under what circumstances, is a potential area for future research as data improve.
An additional lens that we add to the fiscal policy practitioners' toolkit in section 4 is a measure of spending "rigidity". These are items for which Cetrangolo et al (2010) note there are "institutional constraints that limit the ability to change the level or structure of public budgets in a specified period of time". For macro fiscal monitoring, the task of maintaining stability would become steeper and the need for structural reforms higher the higher the share of spending that is "rigid" and the greater the force operating on "rigid" spending categories.
Literature review
There is remarkably little in the fiscal literature on public expenditure as a possible driver of fiscal crises, perhaps because of the more discretionary nature of some primary public expenditures through top-down budgeting. Ultimately a Minister of Finance can always resort to draconian cuts regardless of their impact on public services, medium term development, poverty and shared prosperity. A rich literature exists on how capital spending is usually the casualty in such cuts. There is a more recent literature on fiscal rigidity situations, where the discretion of the Finance Minister to make cuts is limited. We discuss this further in section 3 where we adopt the approach in Cetrangolo et al (2010) , but see also See Alier (2007) for a discussion of budget rigidities in Argentina, Brazil, Chile, and Ecuador.
There are many examples of boom-bust spending patterns which suggest on/off application of political discretion, and are well documented for Latin America by Clements, Faircloth and Verhoeven (2007) , and Alesina, Campante & Tabellini (2008) . 9 But we were unable to find literature that discusses fiscal crises from the perspective of a need for early warning systems based around public spending trends.
Fiscal early warning became highly topical again among U.S. states since the financial crisis. Most of the macro literature relating to early warning of impending fiscal crises has looked at debt-induced episodes of fiscal stress, and considers debt thresholds. See for instance Kraay and Nehru (2004) and Presbitero (2012), which both estimate thresholds for a sustainable level of debt based on episodes of fiscal stress and debt default.
We believe that in part, the gap in the literature around public spending trends, spending cuts, and their relationship with service delivery may be because -until the BOOST initiative -there has been extreme paucity of highly disaggregated public spending data at country level.
Before sections 4 and 5 go on to illustrate the value and economic meaning of momentum, force and rigidity measures with four country case studies, the next section demonstrates the macroeconomic predictive power of force as a possible early warning of episodes of expenditure induced fiscal stress. Kaminsky, Lizondo and Reinhart (1998) . This method tracks indicator variables (in this case force) to find circumstances where they are above their "normal" levels. Such cases are taken to be a signal of a future crisis or event. The threshold at which the variable gives a signal is calibrated to minimize the noise of the signal (incorrectly predicting a crisis) compared to the rate of correct predictions.
a. Defining Expenditure Episodes
The first step in looking at expenditure force as an early warning indicator is to define the fiscal episodes we want to anticipate. In previous papers, such as the IMF/WB debt sustainability framework (2012), the definition is linked to a defining event, such as a debt default. However, there does not appear to be much work in the literature focusing on fiscal crises driven primarily because of an expenditure build up as opposed to revenues, debt service etc. There is literature that has looked into large fiscal expansions or consolidations, for example Alesina and Ardegna (1998) . In these papers the definition of large adjustments is generally in the order of a 1.5 percentage point reduction in the primary balance in a single year. Given that force has been designed to measure accelerations of expenditure we focus on fiscal episodes that are driven only by expenditure and not by revenue or other factors. For example, a country experiencing a positive terms of trade shock may increase expenditures in line with a sharp increase in tax receipts. To avoid capturing these types of episodes we look at expenditure as a share of nominal GDP.
This ensures that any shock to the economy that also affects government expenditures will be largely masked as it will appear in both the numerator and denominator. In section E of this section we explicitly exclude episodes where an extreme increase in expenditures was matched by a corresponding extreme increase in revenues.
Another reason for looking at the growth in the expenditure to GDP ratio instead of the level change in the ratio is that if we use changes in the level of the ratio, we are implying that a 10 percentage point increase,
say from 40 to 50 percent of GDP is equivalent to an increase from 10 to 20 percent of GDP. By using growth rates we treat these two examples much differently. The former is only a 25 percent increase while the latter is a 100 percent increase. Finally, to keep our analysis in line with the related literature, we focus on primary expenditures and exclude interest payments.
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Expenditure episodes can have several characteristics, but for our purposes we focus on two scenarios.
The first is a rapid reduction in expenditures; the second is a rapid increase in expenditures. To relate them to force we can use a simple analogy of driving a car. Imagine a car that is driving along at a steady speed. This is equivalent to a country with a stable momentum in their expenditures. Suddenly, the gas pedal is pushed hard (force increases rapidly), with the speed of the car growing rapidly (momentum increases). We are concerned with two possibilities of what the driver could do next. First, the driver might not feel comfortable at the new higher speed and react by applying the brakes (large negative force). This sharp deceleration lowers the speed of the car dramatically. This corresponds to our first scenario of a rapid reduction in the growth of expenditures. Another option for our driver is to maintain pressure on the gas pedal. In such a case, although the rate of speed increases stops (force is zero), by continuing to have their foot on the pedal, the driver keeps adding momentum to the speed. This corresponds to our second example, one in which the initial burst of acceleration becomes persistent, continuing to increase the speed of the car. An example of when this may happen is for rigid expenditures which will be discussed further in section 4. We can imagine a scenario where a policy, such as public sector wage increases, become not only difficult to unwind, but entrenched in annual spending increases.
To convert this analogy into something we can analyze with the data we used a statistical criterion to define expenditure episodes. Using our car analogy, we are interested in cases where the speed of the car either grew or shrunk rapidly. For our analysis, we choose those years where growth in the expenditure-GPD ratio was in the top or bottom decile. Figure 1 outlines the distribution of expenditure-GDP growth rates of advanced economies, plotting the frequency of different growth rates in the sample. Figure 2 outlines the distribution for emerging economies. The vertical dashed lines in both charts indicate the cutoff from the top and bottom decile. From the charts we can see that the dispersion of growth rates for emerging economies is wider than for advanced economies. To relate the thresholds we are using to the existing literature, we can also calculate the percentiles for the level change in the expenditure-GDP ratio. As we noted earlier, previous studies have used an annual change of 1.5 percentage points in the primary balance to denote a large fiscal adjustment. Examining the top decile, we find that the change is around 2.7 percentage points. Relating the data to the literature, we find that a 1.5 percentage point change would be around the 80th percentile. We use the higher thresholds to focus on more severe cases of fiscal adjustment.
b. Determining the Optimal Force thresholds
We now turn to defining when expenditure force provides a signal of an upcoming expenditure episode. In the same manner as in defining the expenditure episodes, we define a cutoff value for the force variables, above which we interpret the data as providing a signal. In our baseline specification we interpret force as providing a signal when it is above a certain percentile. For example, if we chose the 70th percentile, for Indonesia this would be when total force is above 5 percentage points or in other words, when Indonesia's total expenditure accelerated by more than 5 percentage points.
There are several methods for choosing the cutoff percentile for force. Using the Kaminsky framework this involves choosing the percentile that minimizes the noise-signal ratio. This is best understood by considering the following table. If the force variable is above its cutoff it has issued a signal and then there are two outcomes to consider.
First, if the signal is followed by an expenditure episode then it is in the top-left section of Table 1 Given this setting, we use a grid search of percentiles from 75-95, and choose the one which minimizes the noise-signal ratio. While this method uses the same percentile threshold for each country, it will produce a different level of force for each country. For example, the 90 th percentile for Indonesia is around 20 percent higher than the 90 th percentile for Brazil.
c. Data
We use annual data from the IMF GFS from 1970-2012. As mentioned previously, we use the expenditure-GDP ratios to identify when expenditure episodes occur. For force we use GFS expense data across the main 2-digit economic classification, namely compensation of employees; consumption of fixed capital; grants; subsidies; use of goods and services; social benefits; and other expenses.
Given our definition of extreme fiscal episodes, there were 254 episodes; 153 for emerging and developing and 101 for advanced economies. 12 The exact number of episodes we consider for the noise-signal ratio varies depending on the specification we use for force. We have data available on expenditure episodes and force for 114 countries.
The distribution of expenditure force is shown in Figure 3 for advanced economies and in Figure The evolution of force through time is shown in Figure 5 . 13 For each year and country grouping we take the median force across countries for each year. The first pattern we note is that force is more volatile and of greater magnitude for emerging countries compared to advanced economies. A second interesting pattern is the large reduction in force as the financial crisis took effect and countries began to rein in spending.
Emerging markets applied the brakes much harder than advanced economies with a record amount of force while advanced economies also applied the brakes but at levels similar to previous economic crises in the 1980s and 1990s. Figure 6 shows the duration and characteristics of force increases and decreases. The left-hand side of Figure 6 shows the percentage of force increases that last from 1-3 years. As we can see, the majority of force changes are only for a single year (around 64 percent for advanced and 67 percent for emerging) while consecutive force changes occur around 24 percent of increases. The right-hand side of the figure shows the magnitude of the changes for different durations. For force increases that last 1-year, the median increase (red bars) is around 3 percentage points for advanced economies and 9.7 percent for emerging economies. For occasions when force is positive in consecutive years, the increase in the second year is around 2.5 percent for advanced economies and 6.7 percent for emerging. For all durations, the magnitude of decreases (in absolute terms) is shown by the red bars in the right-hand chart.
For both advanced and emerging economies the magnitude of the decreases is slightly larger for the first and second year while slightly lower for the third year. 13 The chart shows the force measurement for changes in momentum calculated over 1-year periods. 
d. Results
We now combine the two components together to generate the noise-signal results. To run the analysis we also need to specify the timeframe of the force measure (1-year, 2-year etc.) and the lag we expect the signal to operate over (eg. 2-years). For both the smoothing and the lag selection, we estimate the model for all combinations and choose the combination, along with the force percentile threshold, that minimizes the noise-signal ratio. For all our estimates we further split the sample into advanced and emerging economies. For our baseline estimates, the same specification resulted in the best results for advanced and emerging countries: the two-year growth in expenditure-GDP ratio; 2-year force and a 2-year lag of force. In other words, force smoothed over 2 years can best predict an extreme increase in the two-year growth rate of expenditure-GDP ratio, two years down the track. indicate that the force provides signals at roughly random times while a ratio less than 1 indicates that the signal provides some information about future expenditure episodes. The final column represents the probability of an expenditure episode occurring conditional on a signal.
The noise-signal ratios for our force estimates across the total and subcomponents of expenditures range from a low of 0.61 to a high of around 1.5. 14 Overall the results provide some evidence that force provides a useful signal of future large increases in the expenditure-GDP ratio. Examining the sub-components, we find that several components also provide a useful signal. Items such as compensation of employees, social benefits, subsidies and use of goods and services also have noise-signal ratios well below one.
Categories such as wages and social benefits fit in with our prior assumptions that large accelerations in rigid components can cause problems in the future due to the persistence of this spending. Overall, the results indicate that when force increases sharply, there is a 30 percent chance that the country will experience a significant fiscal shock in the following two years. Table 3 presents the results for emerging economies. The results are broadly in line with those of advanced economies, with a total noise-signal ratio of 0.62, as well as low readings for compensation of employees and subsidies. However, the noise-signal ratio for other sub-components, such as social benefits and use of goods and services are no longer below 1. We can see from Table 4 that the results are not dissimilar to the baseline results. The noise-signal ratio for total expenses has increased slightly, from 0.61 to 0.67. The noise-signal ratios of the sub-components of expenditure are also broadly unchanged; however, the figure for social benefits has fallen from 0.7 to 0.56, primarily reflecting an increase in the proportion of good signals (column 2). The probability of a crisis conditional on a signal has fallen from 30 percent to 22 percent (column 5). The results for emerging economies are given in Table 5 . Similar to the case for advanced economies, the results for emerging economies are broadly in line with the baseline results. The noise-signal ratio has declined for compensation of employees, subsidies and other expenses. The overall noise-signal ratio is now at 0.63, marginally higher than 0.62, due to a slightly higher proportion increase in the rate of bad signals. As with the advanced economies, we find that the probability of a crisis, conditional on a signal, has fallen from 34 percent to 25 percent.
Another extension would be to undertake the analysis using our definitions of rigid and discretionary expenditure. This would enable us to understand, in more detail, how the composition of spending on say rigid items, affects the likelihood of future expenditure episodes. Unfortunately we are not able to do so as we do not currently have a long enough time series or country coverage. Examining the results in the 3 rd and 4 th columns we see that the benchmarks for advanced economies were lower than those of emerging economies. In general this is because emerging budgets are growing at faster nominal rates than advanced economies. As such, when we are examining thresholds for force at the 92 nd percentile, they will tend to be higher for emerging economies. The results in Table 6 represent the median estimate across country groupings. For any particular country, the threshold could be lower or higher than those presented in the table.
g. Country Example
So far we have focused on the predictive qualities of force at an aggregate level. We now show an example of how force could work through a country example, namely Bahrain in the early 2000s. As we can see from Table 7 Bahrain's expenditure-GDP ratio increased sharply in 2001 and 2002, rising from 22.1 percent of GDP to 31.9 percent. This was not primarily due to a large increase in aggregate revenues, with the revenue-GDP ratio declining slightly over the same period. We can examine this same period using momentum and force. In Figure 10 we plot momentum (blue bars) and force (red bars) as well as the force threshold at the 92 nd percentile (black line). In the period 1998-2004 there were two periods when force was near or over the threshold (2000 and 2002) . The second occurrence, 2002, was above the threshold for force increases, therefore a signal was issued. In line with our analysis, two years after the signal, there was a sharp reduction in the expenditure-GDP ratio, which fell from 31.9 to 26.1 percent of GDP in 2004. 
h. Summary
This section has presented evidence that force can provide a useful signal of future expenditure episodes.
The noise-signal framework of Kaminsky provides a simple method to track changes in force through time.
Put simply, whenever force reaches a sufficiently high level, this provides a signal for policymakers and analysts to be alert for sharp changes in expenditures in the next two years. One particular benefit of this methodology is that it provides a probability of an expenditure episode in the next two years, conditional on the signal being issued today. This section of the paper provides support for the usefulness of force, not only for total expenses but also for some of the sub-components in providing an early warning system.
It is important to note that the evidence provided here is at the aggregate level. Across countries and time, force has been shown to provide a timely indicator of future expenditure episodes. However, for any one country at any one time, this information needs to be used in addition to other monitoring systems. Force is intended to be a useful additional tool in assessing the stability and vulnerability of expenditures at a detailed level.
4: Rigidity in Public Expenditures
In this section we look at the classification of public expenditures by their "rigidity" as a useful way to qualify the growth and acceleration of expenditures. Knowing both which budget items are driving expenditure dynamics and also how discretionary these key components are can be invaluable to policy makers conducting fiscal policy. Specifically, caution is needed before considering positive expenditure force in spending that will be relatively more difficult to adjust in the future. In addition, the ease in which certain expenditures can be adjusted is important for considering policy options for fiscal unwinding. The Momentum Force application of the expenditure rigidity in this section is taken from Battaile and Barrot (2013) , which uses a classification framework from the literature to "tag" the BOOST expenditure data for several countries.
Applying measures of public expenditure force can improve basic fiscal monitoring as well as help manage pressing fiscal concerns such as rebuilding post-crisis policy space. The global financial crisis had major implications for the public finances of most countries around the world. Direct fiscal support was provided to the financial sector. Fiscal revenues declined through the operation of automatic stabilizers and due to lower asset and commodity prices, and many countries implemented discretionary fiscal stimulus. The consequent fiscal deterioration was particularly strong for advanced countries, where the increase in both government debt and contingent liabilities was unprecedented. Figure 11 shows the post-crisis fiscal deterioration in emerging and low income economies. Expenditure increases have outpaced revenue growth, even when the latter has been significant. Across country groups, fiscal policy is now aimed toward rebuilding policy space while strengthening the recovery and long-term growth prospects. Linking insights on the dynamics of expenditure drivers with qualitative measures such as fiscal "rigidity"
can be especially helpful to policy-makers concerned with unwinding fiscal stimulus. Following the global financial crisis, governments sought to avoid a major loss in output after the global financial crisis through fiscal stimulus and tax policy measures used to stimulate demand. As economies recover and get more solid private sector growth, fiscal policymakers are looking to unwind counter-cyclical expenditure measures. To carry out this adjustment, it is critical to know the extent to which expenditures are rigid or discretionary. To define expenditure rigidity, we use a mapping based on a conceptual framework from the literature. There is surprisingly limited treatment in the literature of mapping the fiscal rigidity of expenditures.
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The framework in Cetrangolo et al (2010) provides a useful balance of specificity and intuition, and has been applied by the authors to a group of five Latin American countries. Their paper defines fiscal rigidities as "the institutional constraints that limit the ability to change the level or structure of public budgets in a specified period of time." This definition emphasizes two key aspects in understanding fiscal rigidities. The first is that rigidity is time sensitive. In the very short term the vast majority of budget components are rigid, whereas in the medium and long term, the entire budget becomes more flexible. Secondly, the institutional constraints to the budget arise out of a desire to ensure compliance with a specific policy objective when it is feared that this will not be handled properly by the authorities. In this sense, rigidities stem from the distrust of some public policy makers by others. As argued by Crispi and others (2004) , the existence of increasingly rigid expenditures is not an evil in and of itself. In many cases it reflects the progressive widening of economic and social benefits, while in others it is the product of the gradual implementation of major social reforms.
The adopted framework identifies seven areas of spending rigidities. The specificity of these areas fits well to the level of detail in the BOOST datasets. Table 8 from Cetrangolo et al (2010) lists the main characteristics of each rigid spending area and specific examples of qualifying expenditures. From piloting the approach with several BOOSTs, the best mapping seems to be against the economic classification.
Elements of the economic breakdown of the BOOST (Econ 1 or Econ 2) are reviewed to see if they match one of the seven rigid spending categories, and coded appropriately. Expenditures that do not fit one of the categories are considered discretionary. For our exercise, we selected Moldova, Bulgaria, Armenia and Paraguay for applied examples. These countries were selected due to the relatively long time period covered, and the completeness of expenditures at national and local levels of government. The detail and structure of the data provide a rich source of information to analyze fiscal rigidities presented at the aggregate level of government, but also in the interaction of the different levels of government.
Application of the classification to map expenditures is straightforward for most categories. There are several spending categories from Table 1 that are easy to map to the detail in country BOOST data, including social security spending and wages. Debt servicing is well defined in the BOOST and easily mapped as a rigid item given the contractual nature of the obligation and negative consequences of unilaterally adjusting or ceasing these expenditures. Rigidities that are implicit in fiscal policy through incentive programs for specific sectors or productive activities by means of tax breaks.
Rigidities associated with programs or policies designed under the benefit principle (ie. designed to benefit those who contribute to their financing). Another case in point of a rigidity related to the benefit principle is when funding for infrastructure costs are paid by those who benefit from the work (such as roadways or power generation) through tax revenue derived from the sale of fuel.
Earmarking based on various legal rules, even the Constitution itself, can be justified using the "merit good" argument. This argument is used to justify minimum spending requirements and specific resource allocations for social spending, such as in health and education.
These rigidities stem from allocations included in mechanisms for the transfer of resources between levels of government to cover vertical imbalances. This issue involves an intergenerational conflict, in that rigidities arising from debt servicing could be understood as a way of prioritizing the consumption of the current generation over that of future generations. Figure 12 -15 shows the application of the expenditure rigidity mapping to the BOOST data for Armenia, Moldova, Bulgaria and Paraguay. In most of the countries, there is an apparent increase in the share of rigid spending over time. The exception is Paraguay, where discretionary spending now makes up more than half the budget for the first time in more than a decade. On the contrary, for Moldova and Bulgaria the discretionary component of spending has fallen to alarmingly low levels (14 and 18 percent, respectively). This suggests the authorities in these countries have limited ability to easily adjust spending, or in other words, they will have a more difficult time in applying negative expenditure force in the near term.
It is important to mention some of the limitations of this methodology. First, mapping at more aggregate levels such as "Econ 1" in the BOOST leaves open the possibility that some subcomponents may not be rigid. For example, wages and remuneration of the civil service are generally seen as straightforward examples of rigid expenditure. However, there may be certain aspects of non-monetary compensation (e.g., year-end bonuses) that are at the discretion of ministry management and more easily adjusted than salaries. Second, and relatedly, to properly consider all fiscal rigidities, a full understanding of the legal and institutional country context is needed. The better the understanding of line items in the budget, the more detailed the mapping can be. Third, the interpretation of rigid spending areas is subjective and can fundamentally differ from country to country, depending on the specific classification and BOOST structure.
Each BOOST database is different in its internal structure, which makes standardization difficult. Yet overall, we feel the mapping framework provides sufficient guidance to give country teams a solid basis for classifying rigid expenditures that can make expenditure adjustment difficult.
Case Study: A closer look at tagging Moldova's expenditures Table 9 below provides a more detailed look at the application of the tagging framework to the BOOST data for Moldova. After the BOOST data is parsed by economic classification (Econ 2), each line item is Resource disputes within government refers to politically inflexible expenditures such as wages and other operating expenditures. The majority of spending included in intergovernmental relations is the current transfers to sub-national tiers of government. 
5: Using Force and tagging to discover the pressures within detailed public expenditures
In this section we tie the previous sections together to demonstrate the value of using force and momentum together with the rigidity and discretionary tagging. We do so by analyzing detailed expenditure data from the World Bank's BOOST datasets for a range of countries. However, even in the absence of detailed BOOST data, we show that force and momentum can still be used to determine valuable information about how rigid and discretionary items are affecting a country's budget. The key lessons we take away from this section are that once the momentum in a country's expenditure begins to grow, it takes a correspondingly large amount of force to slow it down. However the share of discretionary items is often small and, for some countries, shrinking. If these countries enter a period of fiscal crises, reducing aggregate expenditures will require even greater reductions in discretionary spending or very difficult reforms of rigid items.
We begin by analyzing Moldova at the aggregate level as it illustrates the interactions of force and momentum. Building further on the earlier example that momentum is the speed that a car is travelling, force acts as the accelerator pedal or brake pedal to adjust your speed. Thus a positive force number means your car has increased its speed from what it was at the previous point, on the other hand (or foot in this example) a negative force number acts like the brakes which will reduce the car's speed (negative force number). At some point however, if the force applied is strong enough it will not only bring your car to a stop it could even propel you backwards (i.e. have negative momentum). ,229,827,026 8,721,409,736 10,741,797,634 13,783,944,306 15,688,441,347 16,727,140 ,185 2. Rights and guarantees established in various k 1, 632, 003, 403 2, 173, 174, 504 2, 640, 840, 224 2, 792, 805, 314 3, 302, 523, 206 3, 638, 445, 229 3. Intergovernmental relations 2, 389, 312, 542 3, 175, 557, 166 4, 276, 482, 461 4, 346, 908, 569 5, 614, 745, 177 5, 742, 981 In 2007, Moldova's momentum (or speed) of rigid and discretionary items were both positive, which means they were growing (Figure 16 ). In 2008 though, we see that force was negative for both rigid and discretionary items, with the magnitude greater for discretionary items. In this case both expenditure types had the brakes applied which meant that momentum must have slowed down. In the case of rigid items, momentum remained positive, meaning that rigid expenditures continued to grow despite the negative force. The negative force applied to discretionary items was -4.2 percentage points and this reduced momentum down from 4.9 percentage points to 0.6 percentage points. 9.6 percentage points. In other words, the brakes were applied and the car slowed down but the previous level of momentum was so high that it continued moving forward at a rate of 9.6 percentage points.
Moldova Momentum and Force
Discretionary items however had a negative force of 5.6 percentage points and this thrust the car into reverse at a momentum or speed of -5.0 percentage points. This is because discretionary items were already travelling at a much slower momentum of only 0.6 percentage points in 2008 so applying a strong negative force would propel discretionary expenditures to have a negative momentum which means it was experiencing negative growth.
The Moldova example highlights the importance of momentum and force viewed together. Items that have developed large momentum will require a large amount of force to slow down or if necessary, reverse. Rigid items though tend to be harder to apply negative force too because of the issues defined in section 3. Discretionary items tend to have much larger force numbers given the easier ability to ramp up spending or slash spending of these categories of spending as required. For Moldova however, the amount of discretionary expenditures as a share of the budget is falling and when seen as a buffer available for policy makers to maintain fiscal sustainability -the stocks are very low. Policy makers in
Moldova over recent years have reined in expenditure to GDP (Figure 23 ) but this has been matched by a corresponding fall in revenues to GDP (Figure 22 ) and future attempts to improve the fiscal deficit must also take a serious look at the other 86 percent of the budget (rigid expenditures) to make serious inroads ( Figure 11 ). (For a detailed breakdown see Case study: force toolkit applied to Moldova.)
The higher volatility that would be typically associated with discretionary expenditure can be seen with Paraguay ( Figure 19 ). In seven out of the eight years of force data in Paraguay discretionary expenditures were larger in absolute movements than they were for rigid expenditures. The most notable burst of force was the 22.5 percentage point outcome in 2012 for discretionary expenditures which alone breached the two year threshold derived in section 4. However through the detailed expenditure it can be seen that this was largely driven by an exceptional transfer to the central bank and as such not likely to lead to a future crisis. Notably the second largest contribution was wages, a rigid expenditure that can prove difficult to unwind.
In the case of Armenia, as demonstrated in Figure 18 , the momentum in discretionary expenditures was revenue to GDP (Figure 22 ) was seemingly not affected by the crisis and has continued to grow throughout the crisis and ensured the deficit improved back to pre-crisis levels.
The evolution of Bulgaria's force and momentum tracks a similar path to Armenia' and Moldova's. The government applied large amounts of negative force to its discretionary expenditure until its momentum turned negative. Bulgaria captures this process most clearly in Figure 16 as prior to the crisis the momentum of rigid and discretionary items were exactly the same but by 2011 discretionary expenditures averaged negative momentum between 2009-11 while rigid expenditures continued to grow, although at a slower rate than previously. Similar to Moldova, Bulgaria's fiscal deficit has yet to recover to pre-crisis levels ( Figure 20) . In addition economic growth ( Figure 20 ) and revenues to GDP (Figure 22 ) are yet to recover however expenditure to GDP is three percent higher than it was in 2009 (Figure 23 ). Bulgaria's discretionary expenditures share of the budget are only 18 percent and this provides little space for continued reductions to discretionary expenditures without having to eventually move to apply larger negative force to some rigid expenditures to improve the fiscal deficit.
a. Case Study: Force toolkit applied to Moldova
In order to demonstrate the functionality of the force toolkit we examined the detailed BOOST data sets of two countries through the lens of the force toolkit that can be appended to any BOOST dataset. The two selected countries were Moldova (2006-11) and Armenia (2006 Armenia ( -2012 . The power of the force toolkit is that it equally factors growth rates and size in the budget so it can precisely identify amongst hundreds of thousands of expenditure lines the items of expenditure that mattered the most in terms of contribution to growth (momentum) or the most important items that increased in their contribution to growth (force). The alternative would be to sort through the large database simply looking at growth rates which would overstate the influence of large growth rates in tiny items in the budget or understate larger items in the budget that had low growth rates. Force and momentum convert both the shares and growth rates into convertible units that can be summed to equal total growth in the budget (momentum) or acceleration in growth (force) and thus when compared to one another the larger values are more important for growth.
We demonstrate that rather than going through the 1,523 expenditure line items trying to find the source of fiscal pressures, force and momentum measures instantly draw out the sources, providing policy makers the perspective to see sources of growth across any level of detail.
In Moldova, the negative force that drove down momentum through the crisis was largely cuts in capital expenditures and transfers. Interestingly, many of these expenditure items that had the brakes applied to sharply in 2008 were more than reversed over the next three years with the accelerator pedal including capital expenditures. Figure 24 shows the largest force items between 2009 and 2011 at the three-digit level of economic classification. All five of the items incurred large negative forces in 2008 only to have the effect more than fully reversed over the next three years making them the largest sources of force in the budget over that period. From the perspective of momentum, Figure 24 demonstrates that for each of them except one, the force that was applied in subsequent years following the crisis in 2008 propelled their momentum in 2011 back to around the same levels or higher than prior to the crisis. we can use the toolkit to take a closer look to see what the underlying drivers of momentum and force were within capital expenditures. At the aggregate level Figure 24 highlights that in the years following the crisis the strong force applied to capital transfers to implement externally funded projects built momentum back up to positive and even higher than before the crisis. The category of capital investments had its momentum returned back to pre-crisis levels. A third category of investments in the budget described as capital transfers within country also made the top 10 highest force items in 2011 and is of similar weight in the budget as capital transfer from externally funded projects (Table 10) Table 11 shows the large amounts of force applied to this expenditure item and how this propelled its momentum from close to 0 in 2009 to 5.5 percentage points of capital expenditure growth in 2011. By being able to zoom in to project level data and combine it with the force tool kit, policy makers can quickly be equipped with the information required to understand exactly where the growth is coming from and where it's gaining momentum. This can be particularly important when rigid items are building momentum and the government wants to curb its growth early on before it becomes even more difficult to slow its growth.
As a final example, we will examine the category of expenditure that was the second highest force item between 2009 and 2011 -purchase of fixed assets (Figure 24 ). At this stage we have only broken down expenditures at the economic and admin classification levels, but to get a better understanding of the underlying dynamics beneath the purchases of fixed assets it will help to know who has been purchasing them. By adding the functional classification we can see which agencies of government made the purchases and then adding another level of administrative classification we can pinpoint exactly which arm of the agency made the purchases (Table 12 ). For example, the largest contribution to growth (momentum) through a purchase of a fixed asset came from the Education Ministry who authorized a large expense for a facility at the State University of Medicine and Pharmacy in North Moldovan
Testemiteanu which represented 4.5 percent share of all purchases of fixed assets in 2011. This university appeared for a second time on the top 10 list at number seven for purchases relating to postgraduate education at the university. The largest force contributor was purchases of fixed assets made by the Customs service which had its budget grow back to being 3.5 percent of total purchases of fixed assets close to its pre-crisis high after being cut to only 0.4 percent of the total in 2010. 
Box 1: Force data viewed spatially in Moldova
We can also display the information we gather from the force toolkit spatially. As an example we examine force data for the different districts and municipalities of Moldova. We map force for Over the period 2009-2011 we find that the majority of districts had a negative force. The districts with the largest negative force over this period were the municipality of Balti (-1.6 percentage points), Gagauzia (-1.2 percentage points) and Soroca (-0.6 of a percentage point).
Districts with an overall positive force were the municipality of Chisinau (1.2 percentage points) and Ocnita (0.2 of a percentage point).
Following on from the earlier findings that capital expenditures were driving the force results in 2011 we can decompose this further and spatially display how capital expenditures were tracking across districts. Figure 28 shows the force outcomes for capital expenditures that were allocated directly to each of the districts and municipalities in 2011. Overall capital expenditure force was strongly positive in 2011, driven by large positive figures in Chisinau (11.2 percentage points), Orhei (4.9 percentage points) and Anenii Noi (3.4 percentage points). The districts with strongest negative force were Gagauzia (-5.8 percentage points), Floresti (-3.0 percentage points) and Singerei (-3.0 percentage points). The most striking feature of this map is that the pickup in capital expenditures in 2011 was not uniform across districts with many of them experiencing large amounts of negative force. 
b. Case Study: Force toolkit applied to Armenia
Using the power of the detailed BOOST data set, we can explore the underlying sources of force and momentum at a greater granularity in each year. This allows policy makers to identify, at the most detailed level, where the emerging expenditure pressures are coming from. In the case of Armenia we will place special emphasis on the ability to distinguish rigid and discretionary expenditures at the detailed level of expenditures. The largest source of force using the economic classification of expenditures during the global financial crisis in 2008 was pensions (Table 13 ). The momentum of pension expenditures was around half the entire growth in budget expenditures in 2008. A look at the top 10 sources of force in the 2008 budget reveals that the top three items were all rigid and combined added a positive force of 10.5 percentage points during a year when the entire budget had a force of negative 11 percentage points (Table 13 ). For the 197 expenditure items at this level of classification that had a positive force in this period, these top three items contributed half of the entire force during this period.
Given that the overall budget decelerated in growth (negative force) there were more items that experienced a negative force in 2008. At the economic and functional classification, 58 percent of budget items experienced a negative force in contrast to 2011 where only 38 percent of expenditure items had a negative force. A look at the top 10 items that had the largest negative force reveals that nine of them were discretionary items ( (Table 14) . This is consistent with the idea that discretionary expenditures are the easier category to adjust and was in Armenia's case the largest source of negative force to slow down budget expenditure growth in 2008. This was clear at the aggregate level ( Figure 17 ) and is also true at the individual level (Table 14) (Table   15 ). Between 2010-12 by far the largest contributor to the negative force were the large cuts to expenditures on buildings and edifices with a negative force of 12.4 percentage points that saw its share of the total budget go from 22 percent to 10 in the space of three years (Table 16 ).
We have demonstrated that through the force toolkit we can quickly diagnose the most important expenditure items driving the growth of the budget, we can also use it to focus in on a particular subset of items. For example, while the overall budget had a negative force rate in 2012 government officials may still be keen to examine the growth in one of the most important rigid items in its portfolio -wages. Prior to the crisis in 2007 wages were growing at 13 percent before doubling its growth rate to 26 percent in 2008. Like most items the brakes were applied in the following years to rein in spending and growth fell to as low as 2.5% by 2012. Despite the brakes, relative to the overall budget, wages continued to grow faster and hence grew as a share of the budget for five consecutive years through to 2012 (Table 17 ). The slowing down in the growth rate meant that it averaged a negative force of 1.3 percentage points per year between 2010 and 2012, which placed it as the sixth largest negative force rate of the components within the economic classification (Table 16 ). Despite having a negative force for three of the last four years it was still not enough to push momentum below positive and in turn it continued to grow. To further reveal the breakdown of the sources of wage growth, we can decompose it into greater detail in order to see if there were variations across agencies or whether the positive momentum despite negative force was generally uniform. Through the Force toolkit and BOOST database you can instantly identify the most important sources of force and momentum across the wages of every center or arm of government.
A look at the wages of the different functions of governments shows that 80 percent of them had a negative force rate between 2010 and 2012, which still left 20 percent that saw an acceleration in growth. In terms of momentum, 97 percent of the agencies had positive momentum for wages and Table 17 demonstrates that between 2010 and 2012, the most important items that drove the growth in wages were salaries of Police Officers and National Security Personnel with a momentum of 5.4 percentage points and 3.2 percentage points respectively. It is clear though that even for these important sources of growth, three out of the four years since 2009 they experienced negative force meaning there was a concerted attempt to slow down the rapid acceleration in growth that was occurring prior to the crisis. Notes: Disaggregation used in BOOST database is by Economic Classification at the 3 digit level, Source: Force toolkit using Moldova BOOST dataset Notes: Disaggregation used in BOOST database is by Economic Classification at the 3 digit level, Source: Force toolkit using Moldova BOOST dataset 
6: Conclusions -An Agenda for Future Research
This paper has shown that with disaggregated micro data on public expenditures, it is straightforward for fiscal economists to monitor the details and changing drivers of public spending trends. We have presented measures of fiscal force and momentum as measures through which to achieve this detailed monitoring.
Furthermore we have demonstrated that the force measure has some relevance in signaling future fiscal episodes, suggesting that tracking force and understanding its components and drivers would be a worthwhile exercise for practitioners and World Bank macro-fiscal economists. By presenting micro force measures for four country cases, and linking them to the concept of expenditure "rigidity", we demonstrated the practical utility of such disaggregated measures could have for policy makers seeking to identify expenditure programs in need of reform.
Finally, we believe that as more BOOST data becomes available, researchers can deepen our understanding of the drivers of (impetus, persistent force, and acceleration), and the limits to safe spending growth. In time it could be possible to consider thresholds for force which act as "speed limits" for countries given their macroeconomic conditions and characteristics. Unlike stop-go traffic lights, these speed limits would be prudent bands for expenditure growth and acceleration based upon the likelihood of expendituredriven crises and upon the type of spending under analysis (the likely shape of the road ahead, and whether the driver will slow down on their own).
